Surveillance methods that measure St. Louis encephalitis (SLE) virus activity in nature may provide forewarning of its epidemic occurrence in humans. An antigen capture enzyme immunoassay was developed to detect SLE virus in infected mosquitoes. The assay detected purified SLE viral antigen at a concentration of 62 pg/0.1 ml when antigen was incubated overnight; 250 pg/0.1 ml was detected in a single-day assay (antigen incubated for 3 h). The assay detected 67.9 and 70.8% of laboratory-prepared pools of infected mosquitoes after 3 h and overnight incubation, respectively. The sensitivity of the procedure was 90.5 % in identifying pools with infectious titers >dex 3.0. The specificity of the assay was controlled by retesting positive pools preincubated with SLE virus and normal antibodies, which led to a diminution of signal in the pools containing viral antigen. The procedure was suitably specific in discriminating between SLE and related flaviviruses, detecting only high infectious doses of heterologous antigens. 
St. Louis encephalitis (SLE)
. The decennial periodicity of epidemic SLE suggests that major outbreaks may yet occur in this decade (4, 12) .
No vaccine or specific therapy is available for SLE, but preventative public health measures are possible in the form of mosquito control (2, 13) . For these measures to be effective, surveillance for SLE virus activity in advance of its occurrence in humans is critical. The measures of SLE virus activity in nature which best predict possible epidemic activity are serologic surveillance of birds and monitoring numbers and infection rates in vector mosquitoes (2, 13) .
The standard method for detecting SLE virus in mosquito pools is by virus isolation in cell culture or in suckling mice. Under optimum conditions, isolation and identification of SLE virus in primary duck embryo cell culture requires 3 to 5 days. In this study, we describe an antigen detection enzyme immunoassay (EIA) by which SLE virus-infected mosquito pools could be identified in 5 h.
MATERIALS AND METHODS Viruses. SLE virus MSI-7 (12) , isolated in 1975 from Passer domesticus in Mississippi, was propagated in SW-13 cells and purified by rate-zonal and isopycnic centrifugation on glycerol-tartrate gradients as described previously (23) . The 76V-15838 strain of SLE virus, isolated from Culex pipiens mosquitoes collected in Memphis, Tenn., was used to infect newborn chicks on which mosquitoes fed.
The following flavivirus strains were used to assess the specificity of the capture EIA: Ilheus ( (11, 18 (6) .
Sonicating mosquito pools resulted in slightly higher infectious titers and EIA absorbance ratios (Fig. 3) . Mosquitoes taken from the same oral infection experiment were sonicated or triturated in pools. The mean infectious titer was dex 3.0/0.1 ml for the triturated pools and dex 36/0.1 ml for the sonicated pools (standard deviation, 0.7 for both groups). However, the slopes of the regression lines (log absorbance ratio on infectious titer) for the triturated and sonicated pools did not differ significantly. Therefore ratio was explained partially by higher infectious titers in mosquitoes held for longer periods. In an analysis of covariance when the covariate effect of infectivity titer was removed, there was no significant effect of the extrinsic incubation period on the absorbance ratio for the triturated pools. However, the length of extrinsic incubation was a significant factor for the sonicated pools, even when infectious titer was controlled (P < 0.001) (Fig. 4) conventional methods of virus isolation and identification but also because it is a simple in vitro procedure that can be performed by laboratories in which mice and cell culture techniques are unavailable. The principal limitation of the assay is its insensitivity compared with virus isolation systems. In the single-day procedure, the assay detected purified virions at a concentration of 250 pg/0.1 ml or an infectious titer of dex 3.5 PFU/ 0.1 ml; 62 pg/0.1 ml (dex 2.9 PFU/0.1 ml) was detected after an overnight incubation. This level of sensitivity approaches that achieved by state-of-the-art radiometric methods for yellow fever virus (100 pg/0.1 ml with an overnight incubation [15] ). The ratio of infectivity to viral protein in our purified virion preparation was 2 x 107 PFU/,ug. This ratio is twofold less than the ratio reported by Trent and Naeve, i.e., 3 .5 x 107/p.g (23) , a difference within the range of experimental error. The previously cited yellow fever virus assay detected 10-fold more infectious virus per microgram of viral protein, suggesting a relative inefficiency in infectivity determinations associated with this flavivirus.
Various attempts to improve the sensitivity of the EIA by altering the conditions of antigen capture or detection were unsuccessful except for the choice of chromogen. We attempted to improve the sensitivity by using a biotinylated detecting antibody followed by avidin-HRP or avidin-biotin complex. However, indigenous biotinlike activity in mosquito pools led to high background absorbance. Detergent treatment of antigen with sodium dodecyl sulfate, Triton X-100, or Zwittergent (Calbiochem-Behring, La Jolla, Calif.) led to diminutions of the signal. The solid phase was coated with Staphylococcus protein A in an attempt to orient and concentrate the capture antibody. However, even after the solid phase was blocked with normal immunoglobulin, conjugate bound to the protein A. The combination of skim milk and antifoam A (BLOTTO; 8) was not appreciably better than other blocking protein or surfactant combinations in reducing noise (data not shown). Antigen and conjugate were incubated together in a simultaneous assay, a procedure which improved the sensitivity of a yellow fever virus radiometric assay (13) . However, in our hands, signals declined considerably when the HRP conjugate and antigen were incubated for extended periods.
TMB was the better chromogen, leading to a fourfold increase in sensitivity compared with that of ABTS (Fig. 1) .
Furthermore, TMB is not mutagenic in the Ames assay (1), leaving little justification for using ABTS or orthophenylenediamine as chromogens. Sonication led to a slight increase in sensitivity in detecting antigen in mosquitoes;
however, the procedure was laborious, requiring twice as much time as tituration. The possibilities of specimen crosscontamination and potential hazards to the operator also mitigate against this method of mosquito preparation. The assay did not detect mosquito pools with infectious titers <dex 3.0 PFU/0.1 ml. However, the relative insensitivity of the assay may not pose a hindrance in detecting mosquitoes that are effective vectors. Mosquitoes that are capable of transmitting virus must have had a disseminated infection, leading to infection of the salivary glands. The infectious titers of these mosquitoes are likely to be higher than recently infected mosquitoes, in which only limited infections have been established, viz., >3 dex per 0.1 ml (9, 20, 22) . The antigen capture EIA may therefore be an indicator of mosquitoes capable of transmitting virus, the principal object of mosquito surveillance.
The capture EIAs of laboratory-prepared mosquito pools were more sensitive in detecting mosquitoes held for longer periods of extrinsic incubation, reflecting in part an increase in infectious titer with duration of extrinsic incubation.
However, when pools were sonicated, absorbance ratios rose with the number of days of extrinsic incubation even when the effect of infectivity titer was removed (Fig. 4) . This result suggests that noninfectious antigen, made accessible by sonication, was present in greater quantities in mosquitoes harvested later in the extrinsic incubation period. The sensitivity of the EIA was also improved by subjecting antigen to freeze-thaw cycles, which evidently increased the availability of noninfectious antigen detectable by EIA (data not shown). Discrepancies in the quantities of infectious and noninfectious antigen may explain the apparent failures of specificity in the assays of mosquitoes collected from Imperial County. Another explanation for this discrepancy is the failure of certain viral strains to plaque well in cell culture.
The procedures for mosquito trapping and collection present numerous opportunities for virus inactivation before the material is inoculated into cell culture. Mosquitoes may die in the 12-to 15-h interval when traps are set and collected. In summer, when ambient nighttime temperatures may be 21.1°C, a significant loss of infectivity may occur. After collection, mosquitoes are generally frozen, thawed, and refrozen in the field when other insects are separated from mosquitoes. Another thaw cycle occurs when the mosquitoes are speciated and pooled in the laboratory. Before the mosquitoes are finally ground and inoculated into cell culture, they may be held at 4°C for up to 24 h on chill tables or in refrigerators. A discrepancy between the infectivity and the presence of antigen can be expected under these conditions. Thus, among pools of experimentally infected mosquitoes that were frozen and thawed only once and not subjected to other manipulations leading to virus inactivation, the capture EIA appeared less sensitive than virus isolation (70.8%). Conversely, with field material, the preliminary evaluation indicates that the assay performs better than viral isolation because the EIA is not confounded by exigencies of field work that may lead to reductions of infectivity.
On the other hand, the failure of the capture EIA to detect pools that yielded field isolates could be attributed to an inability of the capture monoclonal antibody to detect certain strains of SLE virus. We could not test the latter possibility with a polyclonal serum as the capture moiety because none of our polyclonal preparations were as sensitive as 4A4C-4 in capturing SLE viral antigen. However, a comprehensive evaluation showed that 4A4C-4 reacted equally well with 22 SLE virus strains representing the six recognized SLE virus topotypes (i.e., 4A4C-4 does not differentiate SLE viruses at the level of strains [14, 18] ). Therefore, it seems unlikely that isolates were missed because the capture monoclonal antibody was too specific.
The insensitivity of the assay does not necessarily invalidate its usefulness in surveillance. The accessibility of the procedure and the rapidity with which it can be performed suggest that it may be a useful screening assay, facilitating rapid evaluations of potential epidemic conditions. Because the performance of the EIA does not depend on the presence of infectious virus, it may be possible to use the assay to monitor mosquito infection rates with New Jersey light traps or other devices in which mosquitoes are not kept alive before collection. Furthermore, mosquito surveillance could be expanded to areas where dry ice or mechanical freezers are unavailable. The threshold infection rate, which signals an epidemic threat, ranges from 5 to 10/1,000 C. tarsalis when virus isolation systems are used; the corresponding threshold level when infection rates are defined by EIA is not yet known. The very limited study of mosquitoes collected from Imperial County suggests that underestimations of mosquitoes with low infectious titers may be compensated by identifications of mosquitoes containing noninfectious antigen.
The EIA was not absolutely specific in detecting SLE viral antigens. Some related flaviviruses when present in high infectious titers were detected in the assay. This attribute is mooted by the observation that no other flaviviruses infect mosquitoes that are important SLE virus vectors in the United States.
In principle, the assay could be applied to the detection of SLE viral antigen in human specimens, e.g., brain biopsy material. When the assay is applied to human fluids or tissues, the relative specificity of the procedure may be a limitation, e.g., Ilheus, Rocio, Powassan, and Rio Bravo viruses are suspected or proven agents of encephalitis (5, 10, 19, 21) , and their respective antigens might not be differentiated in brain tissue. The sensitivity and specificity of our capture assay were similar to those reported for alpha-and bunyaviruses in mosquitoes (7, 16) . The previously reported assays used polyclonal antibodies derived from hyperimmune sera. The finite quantity of serum produced in hyperimmunized animals and variations in the avidity of each antibody preparation are potential disadvantages of polyclonal antibody reagents. The use of monoclonal antibodies in our assay offers the important advantage of standard defined antibodies available in limitless supply.
